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INTRODUCTIOH. 

Metallic calcluia has been known for some time to possess 
chemical and physical properties which would maJce it of 
great ralue in the chemical and metallurgioal Industries 
if it could be isolated from its compounds cheaply. But 
for almost a century the problem has remained unsolred 
so far as anything like coouercial supcess is concerned; 
indeed, to isolate the element in rery small quantities 
on a laboratory scale has procured to be one of the most 
difficult experiments in the electrolysis of fused salts. 

The production of sodium electrolytically from a 
fused electroj^ite is a well established industry though 
at first sight the process appears to present far greater 
difficulties than calciun on account of its greater chem- 
ical actiTity and rery low melting point, (below that of 
HaOH from which it is electrolysed) • 

Eridently one phase of the calcium problem lies in 
the characteristic chemical and pi^sical properties pos- 
sessed by the electrolyte from which the metal is to be 
electrolysed, which gives rise to such internal reactions 
in the bath during electrolysis, as to prevent the deposi- 
tion of the element. A second phase is the construction 
of a suitable electrolyzing apparatus out of such materials 
as will stamd the terrific attacks of the very active elec- 
trode products (calcium and chlorine) and electrolyte 
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(CaClg), at the ax^sh temperature of 800 C; 

In the prosecution 6t this thesis upon the electroly- 
tic production of oalciuoii two aims hare been kept con- 
stantly in riew: 

(a) To study the chemical and physical chauiges and phenomena 
exhibited by tlie electrolyte during electrolysis. 

(b) To find out the most suitable and durable type of 
electrolyzing apparatus . 
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HISTORICAL. 

In the year 1808 metallic calcium was isolated from its 
compoundB for the first time. The conception of a process 
for oDtaining this element, as well as others of the alka- 
line earth group | is found in that remarkable series of 
experiments performed by the great scientist Sir Humphrey 
Bay/y in the early part of the nineteenth century # 

The process of Dary , as described in his Bakerian 
lecture of 1808| was essentially as follows: **The earth 
(CaO) was slightly moistened, and mixed with one-third of 
red oxide of mercury, the mixture was placed on a dish of 
platina, a carity was made in the upper part of it to re- 
ceiye a globule of mercury of from 50 to 60 g# in weight, 
the whole was corered by a film of naptha, and the plate 
was made positire and the mercury negatire, by the proper 
communication with a battery of 500 cells.** 

The amalgams obtained in this way, were distilled in U 
tubes of common glass filled with an atmosphere of inert 
nap|;ha rapor. Bary further says: "I found immediately that 
the mercury rose pure by distillation from the amalgam, and 
it was Tery easy to separate a part of it; but to obtain 
a complete eraporation was rery difficult •• 

After leaTing the work of Ikry, whose work was truly re- 
markable for his time 9 we must pas a oyer a space oj. 46 

years to another pioneer jlia the field of electrochemis- 

(2) 
try., Robert Bunsen Bunsen had a theory concerning 
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the wonderful results which might be obtained 1(V the use of 

Tery high cathode current densities, and as stated briefly 
in his own words was as follows: • The density of the cur- 
rent used for electrolysis- that is, the relation of cur- 
rent Tolume to electrode area- exerts a most important in- 
fluence on its chemical effects. The power of the current 
to orercome (chemical) affinity increases with this density^" 

Sy employing as cathode an amalgated platinum wire dip- 
ping in a solution of CaCl , acidified with HC1| and con- 
tained in a carbon crucible which serTed as anode | Bunsen 
claims to hare succeeded in obtaining minute quantities of 
calcium amalgam loey using sufficient current density* 

As a natural consequence of these experimental Matthies** 
(2) 
sen, a student working in Bunsen 's laboratory in the year 

1855, at the latter 's suggestion, obtained the metals* of 
the alkaline earths in pure condition 1;^ the direct treat- 
ment of the fused chlorides. Matthiessen writes: ** Although 
the reduction is easy, it is difficult to obtain the reduc- 
ed metal in coherent masses, and to separate it from the 
fused substance. The deposited metals for the most part 
rise to the surface, by the rirtue of their low specific 
grarity, before they hare grown to globules of appreciable 
size J and there they burn so quickly thatit is impossible 
to collect them#* He then adraaoeb the lollowing tliree 
ideas : 
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1. •Deposit calcium on pxatiiium or other metallic cathode 

with which it will form an amalgam, drop off and sink 

througlx bath to "bottom. " 
2. ••Melt together two chlorides in similar molecular pro- 

portionSi maJcing a compound of low fusion point, thus 
. hindering the yaporization or solution of deposited 

calcium. At such temperature as to ha^e thin layer of 

Golid salt on surface." 
S.'^eeps^.rati'j.. .r u. 1.*. ./ "below surface of melt on a fine 

pointed cathode; tne metal tiiua r-jj^^lwlug a thin coating 

ux CuCx •■ 

It appears that Matthiessen was the first to actually 
obtain pure metallic calcium by the direct electrolysis of 
its fused salt. A sufficient quantity of the metal was ob- 
tained so that he could describe its chemical and pliysi- 
cal properties with approximate accuracy. 

After the time of Matthiessen no work of smy consider- 

(4)(5)(7) 
able importance was done until Borchers in Ger- 

many undertook for the first time to design an apparatus 

upon the fundamental principles laid down by Bunsen and 

Matthiessen for the produotiou of calcium upon something 

like a commercial fLc^Ae. His threa guiding principles 

were the following: 

1. •A high current density of from 323 to 645 amperes per 

ii^^uJui"!^ foot.** 
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2. ••A low temperature In the tluotrolyte.* 
Z^^A Ixicjli temperature at the oathode." 

To fulfill conditions 1 and 3 it will "be seen from the 
diagrams, Plate I, that a needle, or rery small iron rod , 
insulated from the CaClg container, was used as cathode* 
The anode was a large carhon rod, or as in later designs, 
the wall of the container itself. In some of his designs 
the "bath was fused externally. Borchers claims to hare 
gotten a current efficiency as high as 20)^, though in 
most cases it was not greater than 5^. Howeyer, this 
type of apparatus prored a commercial failure for reasons 
to he pointed out. 

Up to 1903 attempts to ottain metallic calcium were 
made by experimenters other than those mentioned, but in 
all these cases their efforts were practically without re- 
sults of importance, either in the discorery of new elec- 
trolytes, processes, or designs of apparatus. In May 1903, 
howerer, a Mr. Rathenan of Germany made known to the public 
through a short address before the Bunsen Society, and 
also by patent, his idea of electrolyzing fused CaClg, using 
a carbon anode, and an iron cathode, and pulling the iron 
rod up out of the bath as fast as calciuiii deposited on it 
until finally a calcium cathode, is obtained. This method 
is the only destinctly new one since the time of Matthlessen, 
and in the hands of Rathenan and others has given results 
beyond anything hitherto attained. 
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Since Rathenaji announced his process Joseph Goodwin 
(14)(18) (17) 

of PennsylTania UniTersity, and Paul woehler in 

Germany, have worked processes for obtaining calcium which 

embody in all essentials the Rathenan principle, and may 

justly be regarded as erf forts at duplicating the latter •s 

experiments. The apparatus used by Goodwin and Woehler are 

shown in diagrams 3 and 4, Plate !• 

While the work of the three experimenters last named has, 
no doubt, been excellent, yet Woehler alone attempts to 
give in his published work any idea of the modus operandi 
of the bath,- the chemical and physical phenomena which 
transpire during electrolysis. The actual condl'^--' ^:. . \ 'er 
V^ioh calcium can be obtained, or the effects of different 
chemical and physical conditions upon the nature of the de- 
posited calcium, and the influ€fnce of the apparatus design 
upon results, are not discussed. 

During the prosecution of this thesis an endeavor has 
been made to pay particular attention to these important 
features. 

The main efforts to produce calcium seem to have been 
through the medium of a correctly designed apparatus for 
electrolyzing, and if we glance over the different de- 
bit^i.j '.7e shall recognize just two different types: First, 
the apparatus of the Borchers type for utilizing. an extreme- 
ly ixigii current density and consequently obtaining thecal- 
cixim in a molten condition in which it rises to the surface 
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FLATS I^ 
JKo.l . Borcher's Apparatus. 

V - Iron container for electrolyte. 
A - Carbon anode. 

C - Iron needle cathode insulated from container. 
S - Shelf under which molten calcium may collects 

No. 2 . Borcher ' s-Stockem Apparatus . 

A - Circular graphite anode. 

C - lion needle cathode. 

H - Water cooled "bottom insulated from anode • 

B - Brick Support. 

No. 3 . Wo'ehler Apparatus. 
A * Graphite anode. 
C • Iron cathode. 

V - Iron electrolyzing ressel. 
V'- Sheet-iron jacket. 

B - Bunsen burner for melting bath. 

No. 4 . Goodwin Apparatus . 

A - Graphite, circular anode container. 

C - Iron cathode. (Fastened to stationery upright screw.) 

P - Water pipes for keeping bottom of vessel cool. 

B - Brick support. 
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and is skimmed off; and secondly, the Rathenan type, which 
requires that the calcium come out in a compact form, that 
is, plated out at a moderately low current density. 
EXPERIMENTS WITH APPARATUS NO. 1. 

In view of the successful results which haye "been attained 
by the abore mentioned experimenters using the Rathenan type 
of apparatus, I decided also to begin the study of the elec- 
trolysis of CaCl2 with an apparatus of this class. Accord- 
ingly the design shown in plate II was followed, making use 
of such data concerning dimensions of anode and cathode as 
could be gleaned from the published descriptions of Goodwin 
and Woehler's apparatus. (Per key to drawing see page/-). 

While a goodly number of trials with this apparatus 
were carried out, most of which were not oyer 2 to 3 hours 
duration, only 3 or 4 performed under different conditions 
will be described. 

A run was made using pure CaCl of the yery best grade, 
made by Baker & Adams on* The cylindrical, graphite yessel 
was filled with CaCl and then by the use of the auxiliary 
electrode shown in the diagram an arc was struck with the 
inner surface of the anode container, and the CaClg grad-« 
ually melted down in the yacinity of the arc until a 
small pool of fused CaCl was formed. The auxiliary elec** 
trode was now inserted directly into the fused CaCl2 and 
the current caused to flow through the bath directly. When 
sufficient electrolyte was melted the iron cathode R was 
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PLATE !!• 
Slectrolyzing Apparatus No.l. 

A - Circular graploltt anode, 

B - Itotallic conductor connecting with bands on anode 

Tessel. 
C - Soap-stone bottom for anode. 
C - Portland cement ressel. 
P - Space filled with asbestoe-cement. 
R - Iron rod cathode (fastened to a stationery upright 
screw) • 

PLATE III. 
Diagram No.l. 
Showing connection for apparatus No.l. 
C -. Electrolysing apparatus. 
R - Rheostat. 
A - Ammeter. 
V - Voltxjieter. 

E - Auxiliary carbon electrode. 
S - Switch. 
D - Direct current dynaxrio* 
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lowered into the molten mass by means of the k^crew t^') and 
electrolysis "begun* After a period of 3 or 4 minutes the 
odor of chlorine was noticed, and there was considerable 
cracking and snapping at the cathode and bursting forth of 
yellow flames. The current ^^^ gradually increased until fin- 
ally the whole bath ivas in a state of fusion and 90 to 100 
amperes were flowing. After waiting some minutes the iron 
cathode was cautiously raised from the bath 'j^t nothing was 
obsenred until an arc was struck between the end of the rod 
and the surface of the bath. The rod was again lowered and 
electrolysis continued for 15 to 20 minutes, at the end of 
which time bright beads of metallic calcium were noticed to 
coalesce around the iron rod and finally break away and swim 
around in the bath uaaer the influence of the conrection 
currents. It was immediately recognized that a furnace of 
the Borcher type was at hand so the current was gradually 
cut down as low as 40 to 50 amperes, (10 yolts drop across 
cell) at which point a reguline deposit was noticed forming 
at the end of the rod. But it was now found impossible to 
keep all the bath fused next to the anode, and finally there 
was only a comparatiTely narrow channel of molten salt be- 
tween anode and cathode. A glowing phenomen, like a sheet 
of flame, was noticed at the anode. After the bath had 
.been in operation under these conditions some time the iron 
rod was raised a trifle and electrolysis continued. The 
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calcium "rod* wMch was forming was rery irregular in cross- 
section, and continued in spite of all efforts to •neck down* 
until the ••rod" suddenly melted, causing an arc and inter- 
rupting of electrolysis. Part of the calcium formed was 
skimmed out before the bath solidified and the remainder got- 
ten afterwards by loosening the solid CaClg from the walls 
of the anode ressel by immersion in HgO and then breaking 
the solid chunk to pieces. 

The fractured CO'Cl^ showed a rery crystalline structure* 
It was also noticed in this bath, as well as in all others, 
that the current had passed through the bath comparatiTely 
near the surface and hence the bath was melted to only a 
shallow depth, while at the bottom of the euiode containing 
vessel the bath had remained solidified and almost pure 
white, though the upper portion through which the current 
had passed for a long time during electrolysis was rery dark 
colored. (See photograph, Plate 9 ) 

Voehler used a mixture of 100 parts of CaCl2 and 17 
parts of CaPg 1^ weight for his bath thus getting an elec- 
trolyte which fused at a much less temperature. Hence sev- 
eral trials were carried out in the apparatus described 
using such an electrolyte. The CaCl2 was from the same bot- 
tle as that used in the previous trials, while the Ca^ was 
ordinary powdered flourspar. 

The two salts were intimately mixed together and then 
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fused down as prerlously described. After adjusting the 
current to 40 to 60 amperes it was noticed that a larger por- 
tion of the bath was kept in a fluid condltlonthan when 
CaCl only was used as electrolyte. Again the melt seemed 
to be more liquid. Calcium was noticed to form quite rapid- 
ly at the cathode but not In a goua, compact form. It 
p-rew out from the end of the Iron rod In a rery Irregular 
manner I tending to extend across to the anode and short 
circuit the bath. Difficulty was experienced in getting a 
piece eren an inch long on the iron cathode ^ an arc always 
being struck and melting all of the calcium off. 

While no attempt will be made to discuss here the chem- 
ical phenomena of the baths tried, it may be well to point 
out the mechanical defects of the apparatus as riewed from 
an engineering standpoint. 

1. The parts of the apparatus (cuiode container and cathode) 
are wrongly proportioned to to obtain proper cathode 
current density fiuid still keep electrolyte in proper state 
of fusion. 

2. The space interyening between anode and cathode is too 
small, allowing short circuits to occur. 

3. The upper portion of the graphite anode ressel exposed 

to the air rapidly disintegrates, allowing carbon to fall 
into the bath. 

4. When the bath solidifies the graphite anode container is 
cracked to pieces. 
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5. The metallic bands around the anode ressel hecome bad- 
ly corroded causing ppor contact. 

EXPERIMENTS WITH APPARATUS NO. II. 

In order to obriate some of the objections to the fore- 
going apparatus and at the same time hare an apparatus prac- 
tically the same capacity as Goodwin's, I designed the affair 
shown in Plate IV, the specifications for which are giren on 
page 16 . 

My chief aims in the design of this apparatus were as 
follows :- 

1. To hare an anode ressel with the same internal dimensions 
as Goodwin's apparatus. 

2. An anode container which would not be cracked to pieces 
when the bath solidified and could be subjected to heCvvy 
currents and h^^rd usage. 

3. Large enough space between anode and cathode so that iron 
rods of various cross-section could be tried as cathodes. 

4. An apparatus which would hare as little radiating sur- 
face as possible. 

5. To hare the exposed portions of the graphite container 
protected from the atmosphere. 

In almost all the trials with this apparatus the CaClg 
and CaP2 were in the proportions of 100 to 17 respectirely. 
Some of the experiments were carried cut with the pure so- 
called anhsrdrous CaCl which has hitherto been described, 

2 
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15 
while others were performed using cryetalline CaCl which 
I first dehydrated. I shall first describe a run for cal- 
cuim using the pure ••anhydrous" CaCl^ • 

A grcmulated carbon resistance furnace was first con- 
structed and a weighed amount of CaCl^ placed in a Bat- 
ter sea clay cnaMble which Bat in the carbon resistor. As 
the CaCl2 warmed up some steam came off and then a rery 
little HCl. The whole mass then came to a state of quiet 
fusion at a rery slight cherry-red color* Approximately the 
requisite amount of CaFp was now slowly added and its action 
in the bath obserrede The CaP2 seemed to gradually and 
easily dis scire in the bath. At the sane time the bath as a 
whole grew more and more fluid and limpid. When all of the 
CaJPg had been added the bath seemed to hare a cloudy ap- 
pearance, some portions being rather transparent, while 
light yellow clouds floated about in other portions. After 
agitation and maintainance of bath in fused condition for 
some time it became fairly homogeneous and opaque in appear- 
ance • 
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PLATE IV. 

Electrolyzlng Apparatus No .2. 

A - Gii^phite anode built up of six sections, and held 

together "by bolts in corners. 
¥ - Wooden case. 

P - Intermediate space packed with asbestos cement* 
S - Loose soap-stone bottom. 
S'--Soap-otone bottom bolted fast to anode. 
L - Carbon legs. 

C - Iron Cathode. (Fastened to stationery upright screw). 
B - Copper conductors leading to iron covering, I, which 

is held down on the top of ajiode by the corner bolts. 

PLATE V. 
Diagram No. 2. 
Showing Connections for Apparatus No's. 2 & 3. 
C - Electrolyzlng ressel. 
E - Auxiliary electrode . 
V - Voltmeter. 
A - Ammeter. 
S - Switch. 
R - Rheostat. 

D - Direct current dynamo. 
Alt.- Alternator 
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Prom the Batter sea .crucible the fused mass was poured • 
into the anode ressel of the electrolyzing apparatus. An 
alternating current was now passed ^^^x^k^^Xj. the bath using 
a carbon rod an inch in diameter as the second electrode. 
A sufficient current to keep the electrolyte in a well fused 
condition was found to be almost 200 amperes. The electro- 
lyte has a sort of swirling motion. At the surface of con- 
tact of large electrode with electrolyte all was quiet ex- 
cepting perhaps now and then just a faint glow. The sBiall 
electrode, howerer, was completely enshrouded with first a 
glowing sheet of flsuaes and outside of this a circle of 
yjllow riamfis bursting from the surface of the bath. I.. 
ili^ space interveneing the electrodes only now and then ap- 
peared a biiio.ll yellow flame . 

The alternating current was n^v &\'kitched off and the 
au.^ws^w oui rent twitched on after ^'xa i>t replacing the small 
electrode with an iron z/& inch in diameter. Chlorine was 
immediately detected coming off, and after some time cal- 
ciiun was noticed at the cathode, but it was soon in a mol- 
ten condition and ha,cl to be skimmed from the bath. The cur- 
rent was gradually cut down to 75 or 80 amperes before cal- 
cium would adhere to the ena ox the rod in a reguline con- 
dfricn. With thii current, however, only about l/4 to l/s 
of the bath was rused. A sort of irregular mass of metal- 
lic cuioiu^u ^jLuo adxiarlng CaClg was built out frcin tixt; ijuu 
of the rod, after an hour's run, as is snown in photographs. 
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The presence of water in tiie CaCl lias an important in- 

2 

fluence \AV>on the results attained, and in Tie7/ of this 
fact sereral runs were tried using CaClg which had "been sub- 
jected to dehydration as follows:- Ca.Cl2 loaded down with 
water of crystallization was placed in the Battersea cruci- 
ble of the electric resistance furnace afore described., and 
gradually •'boiled down". When the mass had reached a pasty 
condition, a considerable Tolume of HCl oaine off, and then 
it soon began tu laelt down into a cherry-red. pasty fluids 
Small bubbles of gas were noticed rising to the surface, 
exploding with a loud report and bursting in a yellowish 
f^-ame sometimes tinged with a bluish color. 

All of the electrolyte was next poured into the electro- 
lyzing apparatus and subjected to a much higher tempera- 
ture by passing an alternating current of about 200 amperes. 
A profusion of yellow flames was noticed 1.^/otli.^ ^^^.-th 
from around the small electrode and the ^vhole surface of tUe 
electrolyte became covered v^ith large transparent bubbles, 
of even an inch radius, of gas (hydrogen) which burst into 
highly colored flames with a loud report. If the heating 
be continued these transparent bubbles almost entirely dis- 
appear after a time, but no matter how long we continue to 
heat the electrolyte (or electrolyse) we nerer get rid of 
the small yellow flames around the smaller electrode, (cath- 
ode if eloctrolyzing) . 

H'ow there are two conditions under v/hich we may electro- 
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lysa the abore mentioned electrolyte: (a) Electrolyse 
after all of the gas I)u1)ble8 (excepting those glrlng yel- 
low flames) disappear; or (b) electrolyse before the form- 
ation of bubbles ceases. 

In tne first, case chlorine is noticed comming immediately 
after switching on the direct current. Metallic calcium 
also appears at the cathode and comes out regularly. If 
proper conaitxuns of temperature and current ar e maintain- 
ed. 

On the other hand, if we attempt to electrolyse before 
the CaCl is as thouroughly "deliydrated" as possible, 
that is, before the cessation of gas formation, we get en- 
tirely different results. If the bath has been heated lit- 
tie preriously we get almost no chlorine giren off at the 
anode, while at the cathode nothing ib deposited if the 
temperature and cathode current density are high, and if 
within proper limits, a blade, crispy mass resembling char- 
coal in appearance, and having seemingly good electrical 
conductirity is formed. By long continued electrolysis one 
may succeed in finally getting a poor reguline deposit, 
but the bath acts rery capricious at all times- 

In a preceeding paragraph was set forth the chief aims 
in the design of apparatus No2 with which the abore ex- 
periments were performed. These experiments have shown 
the apparatus to fulfill most of the requirements, but be- 
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fore proceeding with the chief objections to this general 
type of apparatus (Rathenan principle) for use either as 
a commercial apparatus or lor carrying on research work, it 
is first desirable to gire some facts concerning the phy- 
sical nature of the deposit of calcium and the manner in 
which it forms reguline. 

Of course it will be assumed that the wljctrol^tc is in 
good working condition chemically and otherwise, all con- 
ditions being such as to contribute to the best formation 
of metallic calsiuq^. Uy experiments hare shown that whether 
the metal comes out with a coarse crystalline structure, 
(as it usually does) or in a compact, dense torm^ the depos- 
it cannot form to any great thickness befoe becommlng nod- 
ular on the surface, or eren growing out in arborescent 
forms 

From analogy with the nature of deposits from aqueous 
solution (and also because of the particular design of :.^- 
paratuB used), tlu zbore resultK, .^lt>ht bo anticipated. In 
the refining of metals from aqueous solutions by electrol- 
ysis it has been found practically impossible to obt^^ii^ ». 
.^ooth dcpOfc»it deeper theui I-1/2 inoh^ and in most cases 
the depccit becomes rery nodular and uneren by the times 
the deposit is I/2 inch thick- 

There is no reason tb beliere that a reguline deposit 
from CaCl2 • ^^ ^^W other fused electrolyte should come out 
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in a smooth compact form for a practically indefinite thick- 
ness than ther*:; xo in an aqueous solution. A glance at 
photograph (LC) of a calcium deposit which has been sawed 
through will show that these formations hare a core of 
fairly solid metallic calcium. This core is particularly 
solid near the "base of tho iron rod, but as we leare the cen- 
ter of this core and approach the outside of the formation 
we find the metal becomming more and more irregular and 
mixed mechanically with more or less CaCl . Still farther 

from the center of the core the metallic calcium and CaCl 

2 

are hopelessly mixed together. (This fact has an import- 
ant hearing upon the ralues obtained for current effici- 
ency as will be shown later. ) To be sure, an irregular 
cathode deposit of considerable length can be formed but 
there is a greater waste of calcixim and CaClg and hence low- 
er and lower efficiency as the "rod*' grows longer, on ac- 
count of the increased mixing of the electrolyte with the 
metallic calcium formed. It must be born in mind that a 
piece of this deposit, coasisting of metallic calcium and 
CaClg 80 intimately mixed mechanically as to appear al- 
most homogeneous, is still a rery good conductor of the 
electric current and hence may act as a cathode surface for 
a further deposit of metallic calcium, or a niixiare as 
described, so that a stick of "metallic calcium" such as 
this is easily obtained. 



Digitized by 



Google 



Digitized by 



Google 



22 

Again, as intimated al^orej^the particular design of 
electrolyzing apparatus used is such as to cause the forma- 
tion of a more or less irregular calcium deposit. When we 
pass an electric current through this apparatus the cur- 
rent will seek that path which offers the least resistance, 
and of course we find the lines of current flow as near the 
surface of the electrolyte as possihle, Indeed, as a con- 
sequence tha bath remains conq&ar-atirely shallow in spite of 
a considerable increase of current. Now then we do not 
put the end of an iron rod into the electrolyte to aot as 
cathode without exposing a small portion of the side of 
the rod, as well as the bottom, to the electrolyte. Con- 
sequently more current will enter the edge, cr oide, of 
the rod, and hence a tendency for more calcium to deposit 
around the edge of the rod than directly on the flat end. 

Cathode current density has been found to hare an im- 
portant effect upon the structure and nature of the depori^ 
-^ad hence upon current efficiency also. And it is a great 
objection to this "calcium rod" idea that nothing definite 
concerning the effects of current do-:3ity can be determined, 
because, as the deposit grows the actual cathode surface is 
continually changing. Howerer, since the current densith is 
continually chc.x.t^i..j, the conditions under \7l1ich a reguline 
deposit is formed are continually changed. 

In regard to the use of iron rods of different -diameters 
as starting cathodes, it may be stated that with the appara- 
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atus In hand it was found that If a rod much less than 3/8 
inch in diameter was used the current density and hence the 
heating effect was so great that calcium would not form 
in the solid condition, while if a much larger rod were 
used the deposit was rery crystalline and irregular and mix- 
ed with CaClg eren near the base of the iron rod. 

EXPERIMENTS WITH APPARATUS NO. 3. 
Before taking up the question of current efficiency 
and in riew of the inherent faults in the design of the 
apparatus used up to this time, I shall descri'be an elec- 
trolyzing apparatus of my own design in which I hare en- 
deavored to orercome some of the- difficulties. 

In the design of this apparatus I have endeavored to 
attain the following: 
1. An apparatus in which the anode and cathode surfaces 

shall "be definite under all conditions. 
2 • To be ahle to vary the current density and note the ef- 
fects upon the electrolysis. 

3. To accomplish the removal of the deposit of calcium as 
fast as formed without interfering with the uniformity of 

conditions . 

4. Construction such that it would stand many "runs". 

5. To confine the current to a definite ahount of electro- 
lyte, and to an invariable course through the same. 

(Por specifications of apparatus see page 25). 
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As in the preceeding experiments 100 parts of CaCl2 and 
17 parts CaP were fused doum in a Batteisea cruoible by 
means of a resistance furjiace and after "being thoroughly 
mired was poured into the apparatus. Here, after first "be- 
ing thorouijlily heated for some time with an alternating 
current (a carhon "block was attached to the rihhon cathode 
in the opening (fl) the direct current was switched on and 
electrolysis started. As the metallic calcium deposited to 
a sufficient thickness the iron rihbon was graxiually raised, 
presenting new cathode surface. 

Paul Woehler states that in his experience electro- 

lyzing CaCl and CaPg '^Y the Rathenan method that a cathode 
tit 

current density of from 45 to 250 amperes per square cent- 
imeter can he used and a stick of calcium obtained. He 
based his figures upon the fact that the amount of current 
flowing through Ills apparatus was constant but the cross- 
section of the calcium stick raried at different parts. 
This is obriously a wrong babi^ ^.^ >.. vJiicii .> w^ixi^i to such 
atjonolusion, howerer. Nerertheless, my ai'i^aratus as 
first 3oi:jtructed ^x>A a cathode surface of such size uiiu^u 
when suffinnerit current 41owed to cause the whole bath to be 
in a well fused condition, there was a density of 45 to 50 
amperes per square centimeter. The first two trials, how- 
erer, prored that even this cathode current density is al- 
together too high, for the calcium would not deposit on 
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PUIIE YL. 

Electrolyzlng Apparatus No. 3. 

C ^ Portland cement casing. 

N - Soap-stone end. 

S - Soa-stone bottom. 

V - Soap-stone sides. 

U *- Soap^-stone bcuse for anode. 

A - Graphite atnode • 

H - Aperture in soap-stone end N. 

R - Iron ribbon as cathode , to slide between soa-stone 
end N and iron block C. 

B - Copper conductor fastened to iron block C. 
Connections for apparatus same as for apparatus No. 2. 
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tTpteXron rlb1x)n) but simply melted €tnd floated about intte bath. 

The cathode opening (A) was then made larger and other 
runs made. A run made when the electrolyte was In good con- 
dition showed that calcium came out in the best physical 
condition at 10.6 amperes per square centimeter. (See 
photograph H' ) . To be sure calcium will come out at a con- 
siderably higher current density, but under the particular 
set of conditionB under which these experiments were per- 
formed the above current density was found to gire the best 
results. At a lower current density the calcium carries 
up more CaClg with it which tends to solidify just above 
the surface of the bath and cause the iron ribbon to be 
cemented fast. 

As jrill be seen from the photograph| if the calcixun does 
not sufficiently alloy with the iron the two will break 
apart upon cooling some distance above the bath on aocoiuit 
of difference In rates of contraction of the two metals. 
When the calcium does alloy with the iron ribbon the 
latter expands at these places , giving rise to little 
••hills" in the ribbon. Examination of the iron at these 
points after removal of the calcium show it to be softer. 

Anode current density is not of so great importance as is 

cathode current density. We simply need sufficient anode 

surface over which the CaCl^ bath can fuse as far as it Iflces 

2 

with the given current in use. If the anode density is un- 
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duly great ) arolng or glowing phenoioon takes place at the 
junction of the carbon and fused bath Increasing the total 
resistance offered by the cell • 

CURRENT EFFICIENCY. 

While the current efficiency at which calcium can be re- 
duced from its chloride is of great importance from an en- 
gineering standpoint 9 yet if the exact conditions under which 
such efficiency is obtained can be maintained are not known, 
the figures hare Isst much of their ralue. Still, although 
we do not understnad fully the nature of the process, to 
know what efficiency can be attained at times is interest-* 
l.ng and encouraging. 

Both Goodwin and Voehler made current efficiency de- 
terminations, and not only their results but also their me- 
thods of determining them were rery different. Goodwin de- 
termined the current efficiency fur a run of sereral hours 
duration using only CaCl^ as electrolyte. He separated the 
metallic calcium from the CaCl^ by pounding loose the en- 
casing CaCl2 ^^^^^ ^^^ solidified about the **rod** of cal- 
cium. The calciiuQ thus mechanically separated was weighed 
and the efficiency figured. His highest efficiency was 40^. 

On the other hand Woehler, who electrolysed 100 parts of 

CaCl and 17 parts of Caf^, made a mark on the forming 
2 ^ 

calcium rod at the lerel of the bath, electrolysed fire 
minutes (gradually raising the rod) and made another mark 
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at the leTel of tha bath. This section was cut out after 

the run, and dissolred in a weak acid solution, the hydrogen 
collected and from this the amoiuit of calcium colqputed. He 
claims an efficiency of 82.2^. While Woehler would natural- 
ly obtain a higher current efficiency than Goodwin by em- 
ploying a mixed electrolyte yet the method of Woehler is 
open to criticism. 

Goodwin's method gires us the efficiency for the actual- 
ly arailahle metallic calcium, while Woehler 's efficiencies 

are too large because; from my description of the nature of 
the deposited calciup, much of the metal was in a non-arail- 

able form;- that is, so intimately mixed with CaClg that it 

would be almost impossible to separate it mechanically or 

otherwise. 

The method which I used in determining current efficiency 
was that of Goodwin, but I had to be very careful to com- 
pletely break up the deposit in order to be sure that all 
of the CaCl was eliminated, for the specific gravity of 
the latter is so much higher than that of the metal as to 
very appreciably raise the apparent efficiency. Some of the 
pieces were even boiled in alcohal (anhydrous) in order to 
facilitate the removal of the CaCl^ 

The following four results, the best obtained, are sub- 
mitted, all of which are for baths of 100 parts pure CaCl2 
and 17 parts CaPg* 
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APPARATUS N0J2. 
No«l«Current 76.4 anqperes^Tlme 70 minutes , Current STflol- 
ency 67. 66^. 
'So. 2. Current 51*5 ampereSyTlma 57 minutes. Current Effici- 
ency 75.6^. 



APPARATUS NO. 3. 

No. 1. Current 45 amperes, Time 12 minutes, Current Effici* 
ency 84.6^. 

No. 2. Current 70 amperes, Time 10 minutes, Current Effici- 
ency 96. 3^. 
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CHEMICAL CHANGES IN ELECTROLYTE. 

On page JS was described the action of the hath during 
electrolysis both when water was present and when the bath 
liad been prerlously been'deliydrated/ If the bath had been 
thoroughly heated for some time preylous to the passage of 
the direct current , calcliam was formed quite readily, oth- 
er conditions being farorable. How it will be remembered 
that the dehydration proceeded with the following sue* 
cessiye results after the application of the heat to the 
CaCl2+ ^O*" Firstly, steam came off; secondly, HCl 
fumes , then bubbles : of hydrogen appeared all orer the bath 
and lastly only the yellow flames remained. As stated before, 
these yellow flames were nerer gotten rid of entirely under 
any conditions. They exist only in the rery hottest part 
of the bath, i.e. at the cathode if direct current is used, 
and if alternating current is used only at the smaller 
electrode. Per the most part they appear to be burning 
hydrogen, but no doubt some other substances are present 
also. 

In Tiew of the fact that it is almost impossible to get 
such data as would gire an exact Insight into the chemical 
composition of the bath, I can gire only my belief as to 
what actually occurs. And in this I am Influenced by the 
Tiews of Woehler who has made similar observations. Woehler 
claims that after the temperature of the bath has reached 
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a certain ralue the EL^O which, still remains begins to com- 
bine with the CaCl2 according to the following equation:- 

-OH 
CaCl • -f HgO = (Ja^g, • This compound releases water with dif- 
ficulty^ and furthermore during electrolysis would probably 
react with the metallic calcium to form anhydrous ozychlor- 
ide and hydrogen. This theory, while worthy of close consid- 
eration, does not explain why hydrogen bubbles and the 
yellow flames come off during the heating with alternating 
current. NeTertheless, the abore equation probably states 
the condition of affairs some-where nearly right. So far 
as the whole truth is concerned we need much more data of 
a kind which is rery difficult to get. 

It is a well known fact that if in ths electrolysis of 
NaCl, the temperature of the electrolyte becomes too high 
the sodium will redissolre in the electrolyte to form a 
hypothetical subchloride, and but little sodium will be ob- 
tained no matter how high the current density may be. 

Such an assxamption has been made by some regarding the 
electrolysis of CaClg:- CaCl2-hCa = 2 CaCl. 

Richard Lorenz has shown that lead and zinc will dis scire 
in their respective chlorides if the temperature is raised 
to a certain ralue. The three factors upon which the phen- 
oiienon depends are giren as follows: ^Temperature of bath, 
TOlatility of the metal, and its solubility in the bath." 
He farther states that this ''metalnebel", metallic cloud, 
as he terms the dissolred metal^may be either (a) a real 
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solution of the metal In its fused haloid salt, or; (b) 
a mere pulrerization of it in suspension. He prefers the 
former view. 

I have oalled attention to the fact that those por- 
tions of the bath through which a direct current had passed 
for a considerable time were colored black. 

A piece of this black CaCl^ was found to decompose water^ 

liberating hydrogen and forming a white percipitate of 

Ca(0E)2 suspended in a clear solution, but leaving no black 

residue. This showed that the coloration of the CaCl 

2 

was not due to the disintegrated carbon but to either fine- * 
ly divided metallic calcium or the subchloride. 

Since CaCl^ iB soluable in alcohol (anhydrous) and 
metallic calcixam Is not, a piece of the solidified electro- 
lyte was placed in this solvent with the result that the 
CaClg was dissolved and a finely divided deposit formed at 
the bottom of the test-tube. The €j.cohoi was poured off and 
s&ome water then poured on the percipitate. Hydrogen im- 
mediately began coming off quite briskly. A drop of 
HgSO^ was next added to the solution and instantly the whole 
black percipitate was :changed to snow white CaS04i and the 
heat developed from the reaction was sufficient to cause the 
ignition of the hydrogen liberated. 

The two experiments -just described do not prove absol- 
utely that the dark particles are metallic calcivm Instead 
of CaCl; but from the physical qualities, as metallic 

Digitized by LnOOQlC 



Digitized by 



Google 



33 
eppmarBJoce and specific grarity obsenredi it was concluded 

that these particles nmst exist as finely dirided calcium 
mechanically suspended in thebath when the latter is sol* 
idified. 

Now from analogy it is rery likely that calcixam dissolTSS 
to some extent in CaCl^ at a high tenqc)erature the same as 
lead or zinc hare been found by Lorens to dissolre in their 
respectire chlorides. Howerer there are grounds to beliere 
that the solution of calcium in CaClg ought to be regarded 
as taJcing place in a manner exactly parallel to the sol- 
ution of CaCl^ in H 0^ rather than to assime that a sub- 
chloride is formed. As such a compound has nerer been form* 
ed under any conditions by anyone so as to be recognized 
as a definite chemical conpo\md| surely there is no reason 
to state without any qualifications that such a compound 
is formed in the electrolysis of CaCl • If we assume that 

the calcium is really soluable in the CaCl while the lat- 

2 

ter is at a high temperature as stated, we can also nat* 

urally infer that as the CaCl cools down that the solubll* 
ity of the calcium in C^Cl^ decreases and hence crystallizes 
out as it were. 

In discussing the effects of diesolred metalliazlzB or lead In 
their respectlTe chloride baths whcilx are undergoing elec- 
trolysiS| Lorenz states that the metal acts as a depolariz- 
er, and farther, that no metal will be deposited at the cath- 
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ode until the bath has become saturated with the metal. 

To be sure there Is some depolarlsat&on occasioned in 
the case of calclxun also, but whaterer may be the state of 
affairs for Zinc and Lead, It Is certain that Ca can be de- 
posited from a CaCl^ bath before It Is saturated with the 
metal. This fact was prored while obtaining the decom- 
position Toltage cunres \fhlch follow. The electrodes used 
were two Inches apart and placed In a CaCl bath which had 
nerer been electrolyzed before. There was much molten CaClg 
surrounding the electrodes and plenty of chance for clr* 
culatlon of electrolyte between electrodes. In sereral of 
these determinations of deconqposltion Toltage easily recog- 
nizable deposits of calcium were obtained , although the cur* 
rent used was sxnall and the duration of Its passage only 
a few minutes at a time. Indeed that most of the cunres 
have well defined "knees* in them Is sufficient proof of 
the fact. Cunre II was taken for a CaCl^ bath which had 
metallic calclxAm suspended In It from previous runs, and 
It will be noticed that there Is no well defined "knee" In 
the curre. As stated In a preceedlng paragraph the CaClg 
loaded down with metallic calcium possessed greater elec- 
trical conductivity In the co^d state » and hence this fact 
might also have something to do with causing a gradual turn 
in the curve. 
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DECOMPOSITION VOLTAGE CURVES. 

As just intimated the study of the decoBQ>08ition roltage 
curres which would he obtained under rarious coxiditions 
would throw much light on the best chemical composition 
of the bath as well as best physical conditions , correct 
temperature etc. at which the electrolysis ou^t to be 
Qurried on for most successful results. Although prerented 
by lack of time and the necessary pyrometer for determining 
temperatures, experiments along this line were Qot car- 
ried on as far as desirable, nowerer, a few results hare 
been obtained which are of at least some tclLuc . • On Plate 
VII is shown a diagram of the apparatus used, and on pa^re 
37 a description amd data concerning same. 

It must be born in mind that the yalue of the decomposi- 
tion TOltage for a fused salt will depend not only upon the 
Chemical composition of the electrolyte and its temperature ^ 
but also upon the nature of the electrodes used and to a 
slight exten t ^ upon their geometrical disposition with re- 
spect to eachother. 

In the experiments carried out a CaCl2 electrolyte on- 
ly was used and in each case the data taken for the cunre 
when the bath had just reached a nicely molten condition, 
(a bright cherry red). 

Cunre No* III was obtained with an anode of graphite 
and a cathode of polished sheet iron each 1 inch square 
and separated 1 inch. After the current had been passed 
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and the data obtained the electrodes were remored and ex^ 
amined. The anode » of oourae, was unchanged; while the 
cathode showed no deposit of Ca, or any calcium J>'e alloy ; 
it was appreciably corroded* By extending the resistance 
line we get 2.04 rolts as the decomposition yoltage. 

Practically the same conditions were maintained in get- 
ting data for cunre N.o.4 except for a slight increase of 
temperature as eridenced by the slope of the resistance line 
of the latter cunre. 

The critical roltage for this curre is about is about 
2.76 Tolts. An examination of the cathode after the run 
showed it to be corered with a thin bright deposit of cal-» 
cium which decoiqposed water. After the calcium was dis-* 
solred off the iron was left tn a soft, corroded condition. 
No doubt an alloy was formed with the iron at its surface. 

As preTiously explained Curre No. 2 waQ obtained for 
a bath which had preriously electrolysed and contained much 
metallic calcium in the electrolyte. If we extend the rery 
flat resistance line to the Y axis we obtain 2.62 rolts 
as the decomposition ralue. 

Cunre No. V shows a rery steep resistance line due to 
the fact that only the tip ends of the electrodes were im- 
mersed in the molten electrolyte. The electrolyte was pure 
CaCl2« Extension of the resistance line shows a critical 
Toltage of about 2.75. 
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PLATE VII* 

Details of Electrodes for Obtaining Decomposition o 

VoltagB Curres. 

A - Graphite anode. 

C - Iron cathode. 

H - Large hole through iron cathode. 

S & S' - Soap-stone separators. 

U - Binding screw. 

B - Bolt for holding pieces together. 

N - Bolts for holding Iron cathode to support &•• 

PLATE VIII. 
Diagram No. 3. 
Showing disposition of Apparatus for Obtaining Decom- 
position Toltage curres. 

E «- Electrodes In CaCl in Battersea crucible. 

P - Liquid rheostat prorided with three electrodes, 

l' 2: 3 
S - Switch. 

D • Direct current dynamo. 

V • Low reading Weston roltmeter. 

A]^ •• •• ••• anmieter. 

T - Step-down transformer. 

A - Ammeter. 

Sg- Switch. 

Alt. Alternator. 

R - Rheostat. 
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A rery low critical roltage of a pure CaCl al^ctrolyte 

was ohbainad by employing iron for both anode and cathode. 
The electrodes were each one inch square as before, but 
separated two inches. A decomposition roltage of 1.425 
was obtained. Inspection of the electrodes after the ex- 
periment showed the Mode to be badly corroded and corered 
with iron chloride , while the cathode had a fine, smooth 
deposit of calcium on it. 

All of the abore ralues of decomposition roltage for 
CaClg are far below the theoretical ralue (3.727 for cold 
CaClg) « But this is no more than is to be expected when we 
remember that the ions liberated at the electrodes may hare 
some affinity for them and form chemical compounds. The 
Tormation of the iron chloride in the ordinary chemical way 
is attended with the liberation of heat and consequently we 
would expect a lowering of the decomposition roltage, when 
using an iron anode, by ctn ataount equiralent to the heat 
energy erolred in formation of iron chloride, since this 
co]iQ)ound is formed at the anode electrolytically. 

Since in many of the experiments performed calcium seemed 
to possess the power of forming a superficial alloy with 
the ion cathode this fact may help to lower the critical 
roltage. If we could employ two electrodes which would 
be entirely inert toward the products of electrolysis and 
the electrolyte, we might reasonably expect to get results 
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agreeing fairly close with the theoretical ralue, if from 
this we also subtracted the Toltage corresponding to the 
heat supplied to the CaCl2 to raise it from the ordinary 
temperature to the fusion point. This latter step is nec- 
essary since the heat of formation is giren for solid CaCl • 

2 

HowsTer, the abore ralues are probably approximately 
correct for electrodes of graphite and iron,- the two elec- 
trode materials which would be used in the electrolysis of 
CaClg on an industrial scale. 

Another point which is of importance here is the fact 

that these data and results concerning decoBiposition rol- 
tage ralues entirely disprore the Bunsen theory concerning 

the idea that a high current density must be used, for 

the abore data show that calcium was obtained at a current 

density as low as 1.7 amperes per square inch of cathode 

surface • 

Indeed, calcium will simply appear at the cathode in an 
electrolyte of the proper chemical con5)osition if the tem- 
perature is such as to bring the electrolyte into the pro- 
per state of fluidity and the current density is below a 
certain abnormal ralue. 

In conclusion, I beliere that in the study of the decom- 
position roltages of the fused CaCl2 I liare only touched 
upon a field of inrestigation which would make a splendid 
theme by itself, and, if carried out carefully in detail 
would throw much light upon the best chemical composition 
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Of •lectrolyte to be employed for the suooessful production 
of calcium. 
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CQNCLUSION. 

A reriew of this thesis will show that the study of the 
production of calcium as herein carried on has been mostly 
of a qualatatire nature. But it has of necessity been so, 
for on account of lack of understanding of the chemical con- 
ditions existing in the electrolyte the obtaining of calcium 
has been a matter of happening to strike proper conditions. 
Nererthelessi the phenomena exhibited when calcium was not 
obtained were studied as carefully as those shown when 
calcium was obtained. 

In summarizing what has been accomplished in the pro 
secution of this thesis attention is called to the following 
points :- 
1* Troubles arising from faulty design of apparatus hare 

been pointed out. 

2. Apparatus hare been designed which help to obtain more 
definite data concerning proper conditions of electro- 
lysis. 

3. Definite data hare been obtainea concerning the proper 
cathode and anode current densities. 

4. The physical structure of the calcium deposited \mder 
certain conditions has been described. 

5. Current efficiencies are giren. 

6. Phenomena exhibited during dehydration of CaCl2 are 
described. 
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7. Eril effects resulting from presence of H in the alec- 

trolyte during •lectrolysis are set forth. 

8. The difference in the demeanor of CaCl2 and a CaCl 
CaJP2 ^ath is described. 

9. The subchloride theory and experiments bearing thereon 
are discussed. 

(a) It was found that calcixam dissolyes or disin- 
tegrates in CaClg at high temperatures the 
same as lead and zinc dissolre in their res- 
pec tire chlorides. 
10. Proof is shown that calcium can be deposited from fused 
CaClg before the bath is saturated with metallic cal- 
cium. 
11. Decomposition Toltase cunres hare been obtained for fused 

OaCl2 under different conditions. 
12. No eridence is found substantiating the Bunsen current 

density theory. 

In conclusion it may be stated that although the design 
of the best type of electrolysing apparatus is rery essen- 
tial for the successful production of calcium the obtaining 
af a proper electrolyte, which can easily be aenycLrated and 
maintained under uniform conditions chemically, is of far 
greater importance for success in working out a commercial 
method. Since CaCl^ is one of the most hygroscopic salts 
known, and metallic calciiun has a tremenduous affinity for 
oxygen, it is very probable that to work out a commercial 
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process which caji be run continuously under uniform con- 

ditionSy some easily dehydrated salt or mixture of salts 

must he used as electrolyte. 
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DATA POR DECOMPOSITIOil VOLTAGE CURVES, 



Cunre No > 1. 
Both •l^ctrodes iron, 
one Inch square and sep- 
arated two Inches. Pure 
CaCl^ . 



Cunre No> 2 . 
Graphite anode one Inch square. 
Iron cathode one Inch square. 
Electrodes separated one Inch. 
Bath of CaClg had preriously 
heen electrolysed. 



Volts Amperes 



1.00 


1.10 


1.40 


1.35 


1.70 


1.50 


1.85 


1.65 


1.80 


1.70 


1.90 


1.90 


2.00 


2.15 


2.05 


2.35 


2.10 


2.60 


2.20 


3.00 


2.20 


3.25 


2.40 


3.80 


2.70 


4.90 



Volts 


Amperes 


YPlts. 


AJBperes 


0.433 


0.05 


2.300 


1.30 


0.560 


0.10 


2.330 


1.40 


0.600 


0.10 


2.330 


1.50 


0.717 


0.10 


2.434 


1.60 


0.966 


0.20 


2.535 


1.75 


1.233 


0.35 ' 


2.567 


1.91 


1.466 


0.50 


2.567 


2.00 


1.734 


0.60 


2.567 


2.15 


1.834 


0.80 


2.660 


2.55 


2.067 


0.95 


2.660 


2.80 


2.167 


1.20 


2.660 


3.20 
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DATA POR DEC03IP0SIT10N 
Ciury No. 3. 
Graphite anod* one Inch square. 
Iron cathode one Inch square . 
Electrodes separated one Inch. 
Pure CaCl2 electrolyte. 



VOLTAGE CURVES. 

Cur^e No .4. 



yoltgA moer e s 

0.10 0.026 

0.40 0.10 

0.65 0.15 

0.95 0.25 

1.1 0.45 
1.6 0.80 
1.75 0.85 
1.85 1.05 

2.2 1.10 

2.6 1.20 

2.7 1.25 



Volts Amperes 

2.7 1.3 
2.7 1.35 
2.725 1.55 
2.95 1.95 
3.15 2.35 
3.30 2.75 
3.40 3.20 
3.70 3.90 
3.80 3.95 
4.10 4.30 
4.20 4.50 



Graphite anode one Inch 
square. Iron cathode one 
Inch square. Electrodes 
one inch apart. Pure 
CaClg hath. 

Volts Aagwres 

0.95 0.10 

1.25 0.26 

2.00 0.60 

2.70 0.60 

3.00 0.90 

3.00 1.00 

3.05 1.15 

3.05 1.40 

3.25 2.20 

3.30 3.4 

3.75 4.15 

3.90 5.00 
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BATA FOR DECOMPOSITION VOLTAQE CURVES. 

Curre ITo > 5 > 
Graphite anode and Iron cathode. Only tip 
end8 Immersed In pure CaCl2 bath. Electrodes 
one inch apart. 



VoltB 


Amperes 


0.30 





0.44 





0.55 





0.70 


0.026 


0.81 


0.03 


1.06 


0.03 


1.10 


0.03 


1.45 


0.04 


1.755 


0.O4 


2.15 


0.06 


2.45 


0.06 


2.75 


0.06 


2.90 


0.10 


3.10 


0.13 


3.25 


0.20 


3.50 


0.24 


3.65 


0.35 
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